This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=iVgEAAAAQAAJ&ie=ISO-8859-1










33.










ELEMENTS

oF

PHYSIOLOGY ;

BEING

AN ACCOUNT OF THE LAWS AND PRINCIPLES
OF THE ANIMAL ECONOMY,

ESPECIALLY IN REFERENCE TO THE

CONSTITUTION OF MAN.

BRY

THOMAS JOHNSTONE AITKIN, M.D., F.R.C.S.E.

LECTURER ON PHYSIOLOGY AND ON MATERIA MEDICA; MEMBER OF THE MEDICO-
CHIRURGICAL SOCIETY; EXTRAORDINARY MEMBER O" THE ROYAL
MEDICAL SOCIETY ; FORMERLY PRESIDE™ ¢
THE ROYAL PHYSICAL SOCIETY,
&c. &c. &c.

¢« Shall the work say of him that made it, He made me not "

LONDON :

PRINTED FOR SCOTT, WEBSTER, AND GEARY,
3 CHARTERHOUSE SQUARE.

1838.

2.



—_—
EDINBURGH :
PRINTED BY W. BURNESS.



PREFACE.

A xnowLEDGE of the structure of the human body
cannot but be considered by every cultivated, intel-
ligent, and inquiring mind, as a most desirable ac-
quisition. In tracing the many curious contrivances
which are exhibited in its organization, in perceiving
the admirable adaptation of its parts to the perfor-
mance of their varied offices, and in viewing the
whole series of its organs in their mutual relation
and subserviency, one exercises the highest faculties
of his mind, and acquires information that may be
useful in life. Indeed, so obvious is the importance
of an acquaintance with the mechanism of our bodily
frame, that one, viewing the subject in a general
sense, might naturally wonder why Anatomy and
Physiology are not considered as indispensable ele-
ments of education.

The object of the present work is to give such
an account of the structure of the animal body, and
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especially of that of man, as well as of the man-
ner in which the various parts of the machinery
operate, as may be readily understood by those who
may not previously have directed their attention to
investigations of this kind. Science is enriched with
several works of great merit on these subjects; but
they either are exclusively intended to exhibit a
minute and detailed description of the organization,
in order to adapt them to the use of persons who,
from their profession, necessarily require an intimate
knowledge of the size, proportion, and relative situ-
ation of the different parts of the body ; or else they
treat of the functions in such a manner as can only
be properly understood by those who have previously
obtained considerable acquaintance with the struc-
ture. The descriptions, moreover, although suffi-
ciently clear and explicit to those who are familiar
with such subjects, are generally loaded with techni-
calities, and the allusions and illustrations, though
readily understood and appreciated by the initiated,
are but little adapted to interest or instruct the gene-
ral inquirer.

Nothing so much distinguishes the present age as
the eager desire evinced by all classes of society for
acquiring scientific knowledge : the crowds attend-
ing public lectures, the number and character of
the works on various departments of science that
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daily issué from the press, and even the tone of ge-
neral conversation, sufficiently shew how anxiously
information of this kind is sought after. It has been
from the conviction that a work like the present is
needed, and not from any belief that I am especially
qualified for the task, that I have been induced to
undertake it. I have, however, endeavoured to the
utmost of my power to fulfil the objects in view, to
afford such a description of the various structures of
the body as may serve to convey a correct idea of
their organization, and to give such an account of
their mode of action as appears best to accord with
experience and observation.

The professional reader will readily perceive that
the descriptionsare drawn directlyfrom the objects de-
scribed. Indeed, that I might do justice to the sub-
Jject, this was the only method that was left me, in
attempting to give to the general reader an account of
the intricate construction of many parts of the animal
machinery. It wasimpossible to refer to the various
sources of information respecting the uses and applica-
tions of the different parts; since, though many of the
discoverers of physiological truths be well known, ap-
preciated, and justly venerated by the professional
student, still their authority and names can have but
little comparative interest or weight with those whose
attention is less directed to such inquiries. Neither
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has it been deemed necessary to cite the different
views taken as to the use and modes of action of the

various organs, nor particularly to insist upon’ the

reason why the opinion adopted has been preferred.

Were mankind a little better informed than they
generally are of the constitution of their own bodies,
and knew how fearfully and wonderfully they are
made, they would be more careful in avoiding causes
that tend to disturb and derange the functions; that
induce painful and incurable maladies ; that eontri-
bute to shorten the limited peried of human life : and
we should have fewer migserable and deluded dupes
of ignorant pretension and impudent quackery.
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INTRODUCTION.

General Observations—Classification of Functions—Conservative Functions—Cir-
culation of the Blood— Respiration—Digestion—Nature and Constitution of the
Blood—Absorption—Secretion—Functions of Relation—Nervous System—Ex-
ternal Senses—Fcetal Life—Concluding Remarks.

Tae material world around us comprises two great divi-
sions—the organic and inorganic kingdoms of nature.
The latter consists of bodies whose elements are influenced
by the laws of attraction, repulsion, gravity, electricity,
and other powers, the investigation of which constitutes
the provinces of the chemist and natural philosopher.
Organic bodies, on the other hand, are endowed with
certain powers, in virtue of which they are enabled to re-
sist the influences to which mere dead matter is subject,
and to a certain extent to modify and control the proper-
ties of matter, 80 as to render them subservient to their
own preservation and development. These controlling
powers, laws, or properties, as they have been termed,
are called vital, and enable living bodies to resist the
mechanical and chemical tendencies of the materials of
their composition that, left to themselves, would subvert
and destroy the necessary arrangement of their organi-
zation.

The living organized kingdom of nature comprehends
two grand divisions, the animal and the vegetable; and
although at the first glance there seems nothing in com-
mon between lordly man and the humble zoophyte, scarcely
distinguishable from the rock on which it is fixed, or the
gimple lichen that clothes the aged tree, yet, on a more
close and patient examination, we shall find them per-
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forming functions in several respects analogous to each
other.

The organs and functions of living bodies may be ar-
ranged under the four following heads :—First, Those °
that contribute to the support and preservation of the
individual, which may be termed the Conservative.
Secondly, Those whereby: living bodies become affected
by the external objects around them; namely, of ap-
propriate instruments, the organs of sense, by means of
which they are enabled to take cogmizance of the im-
pressions received, and the agents of locomeotion, com-
prising together what have been called the Organs of
Relation. By a third set of organs, the most effectual
measures are provided for the permanent continuation of
the race. Lastly, man is possessed of faculties that en-
able him to trace effects to their causes, to distinguish
between virtue and vice, to reflect upon events that have
passed, to anticipate the issues of the future; and, above
all, to raise his mind to the Supreme Intelligence, the
Cause of causes, to whom all nature owes her existence,
and to whom, with more or less clearness of conviction,
he feels conscious of responsibility.

On the present occasion our attention will be exclu-
sively directed to the consideration of the first two classes
of functions, and the machinery engaged in their perform-
ance, namely, the conservative, and those of relation.

In the first place, we shall examine into the distribu-
tion of the fluids through the different parts of the system,
or the Circulation of the Blood.

In considering this function, and the apparatus by which
it is exercised, we shall find in man, and in those animals
most closely allied to him in their organization, that the
heart is one of the most efficient agents for this purpose ;
that it forms, as it were, the fountain-head from which
issue forth the vital streams to distribute themselves
throughout the whole body, and to which they are again
returned. 'We shall find that by the action of one of its
cavities the blood is propelled into a large tube opening
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, into it ; that this tube, by its divisions and subdivisions,

. conveys the blood to every organ and every tissue, in the
requisite quantity, and with the due degree of force;

. that. part of the blood is deposited to effect growth and
renewal of their textures, part separated in the form of
secretions necessary for different purposes, and a third
portion thrown off as superﬂuous or deletenous, thereby
purifying the body.

Having been subservient to these and various other
functions in the system, the blood will be perceived to
have undergone an alteration in appearance and proper-
ties : from a bright vermilion hue it becomes changed to
a dark purple, and is rendered inadequate to the due per-
formance of the purposes it subserves. It is therefore re-
tarned from all parts of the system by another set of

- vessels, that form reiterated unions with each other, and
ultimately terminate by three trunks in another cavity of
the heart. Thus, we have two currents of blood in op-
posite directions, the one proceeding from the heart to
every part of the system, the other from all parts of the
system towards the heart.

In the next place, by the action of the heart it is forced
through the innumerable ramifications of an appropriate
tube through the minute tissue of the lungs, where, from
the influence of the atmospheric air, and by the ex-
trication of mnoxious vapours, it becomes purified, and
again changed in colour and properties from the dark pur-
ple to the vermilion red. Being thus once more prepared
for the various uses to which it is applied, it is conveyed
to the heart to be propelled to the system.

Such is the incessant course of the blood through the
body, from the commencement of life till its termination.

Respiration is the next conservative function to which
we shall direct our attention. It is in a great measure
subservient to circulation, its chief final purpose being to
perfect the blood, to afford an opportunity for the escape
of noxious vapours from it, and to impart a portion of
atmospheric air necessary to its healthy constitution.
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The lungs, the organs directly subservient to this fune-
tion, are placed without the cavity of the chest. They
are of a light and spongy texture, and consist principally
of the ramifications of blood-vessels, along with number-
less air-tubes that terminate in minute cells. By the
alternate enlargement and diminution of the chest, the
air in these cells is constantly renewed, receiving from
the blood those vapours that are to be carried off by the
breath, and imparting to it those elements of its constitu-
tion that may be required. The chemical changes that
the air suffers in breathing, and the alterations the blood
undergoes by exposure to it in the lungs, enable us to
appreciate the effects that take place; while the alteration
produced upon the blood in the lungs, and the converse
change occurring in the system, furnish an explanation of
the curious and interesting phenomena connected with the
production and regulation of animal temperature.

In the alternate movements that take place in breath-
ing, various interesting muscular actions are called into
play, and numerous secondary effects result from the ex-
ercise of this important function. Among these the con-
version of air into Sound and Articulate Speech is not
the least curious in the contrivances by which it is ef-
focted. At the upper part of the windpipe is placed the
apparatus of voice—an apparatus, as we shall find, con-
structed upon the principles both of the wind and of the
stringed instrument, while by the management of the
tongue, lips, and other parts, the voice is converted into
articulate language.

Our attention will next be directed to the function of
Digestion, by which food is converted into blood, in order
to compensate for the constant expenditure that takes
place. Here we shall trace the progress of the food, and
the various changes to which it is subjected, from its fivss.-
introduction into the mouth till it be converted into ar-
terial blood. .

In the first place, we find that in the mouth it is-re-
duced by the action of the teeth to a minute state of me-
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chanical division, thoroughly intermixed and combined
with the salivary secretions.

It is then transferred to the stomach, where it meeta
with a peculiar secretion termed the gastric juice, and
where it remains for some time, becoming converted into
a pultaceous mass named chyme. From the stomach the
chyme passes into the intestinal canal, where it is joined
by several fluids, such as the bile and other juices, and
where a nutritious fluid capable of being received into the
system is formed, named chyle.

The chyle is drunk up from the intestinal canal by
numerous minute tubes, which convey it through certain
bodies, termed lymphatic glands, and afterwards pour it
into the veins passing to the heart, in which it becomes
mingled with the general mass of blood ; and after trans-
mission to the lungs, and exposure to the air, its conver-
sion into arterial blood is completed. Drinke, which un-
dergo no change or decomposition, are introduced in a
more direct manner. They are immediately absorbed by
the veins, and thus enter at once the general mass of cir-
culating fluids. Various other materials, such as colour-
ing matter, odorous principles, and chemical substances,
that resist the influence of the digestive apparatus, are
likewise taken up by veins, and carried through the liver,
so that while they are filtered through that organ, an op-
portunity is afforded for their partly being cast out along
with the secretion of bile. At all events, they here be-
come subject to intermixture with the blood, and undergo
modifications before their introduction into the system
at large.

Having taken under consideration the means by which
the Blood is circulated through the body, the alterations
it is subjected to, the manner of its purification, and the
miode of its formation and renewal, we shall be prepared
to enter upon the examination of its conmstitution. As
might be anticipated, we shall find it a very peculiar and.
compound fluid, containing, if not all the principles, at
least all the elements that go to the formation of the va-
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rious textures of the body. That besides certain charac-
teristic physical properties, it displays others that neither
chemical nor mechanical laws can adequately account
for, and which it is conceived must depend upon its
vitality. We shall then advert to the function of A5-
sorption, and endeavour to point out the means whereby
not only fresh materials are introduced, but also how the
various worn-out and decayed parts are taken up from
the different parts of the system.

Here we shall have to examine a subordinate set of
vessels that arise from every organ, and every tissue of
the body, of a peculiar structure, exceedingly numerous,
freely communicating with each other, and ultimately
terminating in the red veins, before these reach the heart.
By the action of these vessels, the Absorbents, and by
other means, the superfluous and decayed parts are carried
off, subsequently either to be renovated, or to be altoge-
ther rejected and cast out of the body.

The last of the conservative series of functions is Secre~
tion. Under this head we shall direct our attention to the
various fluids elaborated from the blood, and the charac-
ter and mode of action of the instruments by which they
are furnished, as well as the purposes they serve, either
in freeing the system from superfluous or noxious mat-
ters, or as they contribute to other useful ends. Some of
these fluids are to be considered chiefly, if not entirely, as
excrementitious, their evacuation being subservient to the
purification of the body by the removal of the decayed
and redundant parts. Of this kind are the vapours ex-
tricated from the breath, the matter of perspiration from
the external surface, several of the secretions poured into
the intestinal canal, and the urine derived from the ac-
tion of the kidneys. Others, again, are furnished for par-
ticular purposes,—as the tears to moisten the eyes; the
saliva to mix with the food ; the gastric juice, an impor-
tant agent in digestion ; the bile, to excite the intestines,
and to aid in the elaboration of the chyle; and several
others, regarding which it is necessary not only to consider
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how the secretion is furnished, and the nature of its consti-
tution, but likewise its application to other operations.

Lastly, since from the commencement of life to its ter-
mination, the component parts of the body are never the
same, but constantly receiving fresh accessions of matter,
and rejecting the old and decayed particles, numerous
vessels are incessantly engaged in the secretion of the
various textures composing the different organs of the body.
Thus, in bone the osseous tissue is secreted; in muscle
the muscular fibre; in glands their peculiar tissues, and
so forth. In every individual part the vessels furnish the
characteristic matter required in due quantity, and with
the necessary quickness of renewal. After examining
the various conservative organs and functions, we shall
next turn our attention to those of relation.

The Nervous System will first be taken into consi-
deration. In the brain we shall find the organ in which
mind and matter become more immediately associated
with each other—the especial seat of perception—the
source from whence spring the purposes of the will—the
throne of the intellectual powers, such as judgnrent, me-
mory, and reflection.

The nerves will be found to be subservient to various
purposes; some of them belonging to the special organs
of sense, as sight, hearing, and smell ; others conveying
the commands of the will in order to bring into action
the muscles that obey its influence ; others transmiting to
the seat of perception the impressions made upon the dif-
ferent parts of the body; while some are connected with
instinctive movements ; and others, again, appear to be
more immediately subservient to organic life.

The knowledge we possess of the mode of action of the
different parts of the nervous system is less clear and de-
termined than of most other parts of the body. Yet
the functions to which they evidently contribute are of
such high and paramount importance :—they are so es-
sential to the exercise of other organs, contribute so much
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to the combination of the different parts of the system
into one harmonious whole, and are so characteristic of
the higher organized animals, that their structure and _
uses cannot fail to excite interest. Although, therefore,
we may be unable to point out the uses of the various
parts, we shall endeavour to give such an account of their
structure and distribution as may convey to the general
reader a correct view of the whole. At the same time
we shall be cautious in entering upon the merits of the
various discordant opinions that have been and are at
Present entertained respecting this interesting portion of
the animal frame.

The organs of the five external Senses will in the next
place occupy our attention. The construction of these
instruments is 8o admirable, the uses of many of their parts
80 obvious, and the beauty of the mechanism so striking,
that they have attracted the attention of the most super-
ficial observer. In tracing the connexion between the
mechanism and the result of its action, it will be a pleasing
task to point out the many evidences of design afforded,
the excellency of the contrivances, and how much these
senses contribute to the preservation, enjoyment, and
welfare of the animal. '

The means by which animals are enabled to re-act upon
the external world, to perform the various motions so
essential to the exercise of various other functions, to
avail themselves of the power of locomotion, to fix their
attitudes, and to vary their postures and gestures, de-
pend upon the Muscular System ;—in connexion with
which we shall consider the bones, the manner in which
they are bound together by ligaments, and several other
structures that contribute to these purposes.

Before leaving the animal mechanism, we shall direct
our attention to the various steps of its Formation and
Development, from its first rudimentary state, while it is
still connected with the parent, till its final separation
from the principle of life in old age, and when in death
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the body is yielded up to mechanical and chemical in-
fluences and laws.

Many of the functions of the human body would have
been still unknown and unappreciated, had it not been
from observations made on the structures and uses of the
different parts in the lower animals: indeed these yet
afford the principal sources from whence the facts are de-
rived, not only for confirming what has been already
ascertained, but for affording the means for extending
physiological knowledge. The functions in the human
body have long ceased before we can presume to examine
them. But in the lower animals it is different: we are
able to examine them even in the living state; we can
place them in various conditions best calculated to ex-
hibit them in action ; and, moreover, we obtain valuable
information from the various modifications of structures
as to size, proportion, and relation in the different classes,
orders, and families of animals. Accordingly, we shall
avail ourselves of these rich sources of physiological truth,
and advert to the numerous interesting and curious con-
trivances displayed in these structures, wherever they
seem calculated to throw light on corresponding organs
and functions in the human subject.

The study of no department of science affords so many
clear, striking, and irresistible proofs of the attributes of
the deity, as that which has for its object the considera-
tion of the animal structure, and the mode in which its
functions are carried on. Take, for example, any single
organ of the animal machinery—the eye, or the ear, or the
organ of voice—examine its mechanism, study its adap-
tation to the office it has to perform, observe it in opera-
tion; and where can there be found more direct, more
explicit, and more irrefragable evidence of foresight in
the design, benevolence in the purpose, and wisdom in
the contrivance? It is said to have been in consequenee
of such studies that the celebrated Grecian physician and
philosopher Galen breaks forth in the following beautiful
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apostrophe—* In explaining these things,” he says, * I
esteem myself as composing a solemn hymn to the author
of our bodily frame, and in this I think there is more true
piety than in sacrificing to him hecatombs of oxen and
burnt-offerings of the most costly perfumes; for I first
endeavour to know him myself, and afterwards to show
him to others, to inform them how great is his power, his
wisdom, his goodness.”

However worthily Galen thus expresses himself when
contemplating the Great Author of all, and however far
in this respect he surpasses the most distinguished of his
heathen predecessors in a rational view of the character
and proper worship of the Deity, it is not to be forgotten
that though educated amidst the darkness of idolatry,
and although there be no reason to believe that he ever
laid aside its delusions, yet he was born in A. ». 131, at
Pergamos, where was established one of the seven churches
of Asia, and where the gospel had already widely spread.
It is impossible to conceive of a man of his acute, inquisi-
tive, and penetrating mind, with sach a thirst as he dis-
played for the acquisition of truth, that he could have
overlooked, or have been altogether ignorant of the light
which had already begun to shine forth around him, and
which was to dissipate the darkness and gloom that had so
long overwhelmed the intellect of man, as if to show that
however great the original talents and endowments, how-
ever vast the acquirements, or however penetrating the
judgment, these of themselves could never have attained
to a just conception of the condition of man, and the true
character of the Creator and Preserver of the universe.

But when a knowledge of God has been obtained from
higher sources, how much does the contemplation of his
works, as displayed in the animal economy, contribute to
confirm the truth that is revealed ! how numerous are the
instances afforded of superintending providence, of infi-
nite power, of universal beneficence, wisdom, and fore-
sight!



CHAPTER 1.

CIRCULATION.

G 1 View of Circulati Opinion of Hipp Theory of Harvey—Dis-
covery of the Absorbents—Structure of the Heart—Condition at the point of
death—Structure and Action of the Arteries—Of the Capillaries—Of the Veins
—Operation of Transfusion—Heart an involuntary organ—Heart insensible
—Effects of the Passions of the Mind—Size of the Heart in proportion to the
other Organs—Mechanical conditions of the Blood Vessels—Circulation influ-
enced by Respiration—through the Brain—in the Abdomen.

IN all animals the blood is subjected to metion, mere or
less rapid in each after its own kind ; the agents by which
the motion is produced, and the channels through which
the blood is conveyed, being most perfectly adequate to the
purposes intended, and these purposes admirably adapted
to the circumstances under which the animal is destined
to be placed. In the more higlily organized beings, such
as man, mammalia, and birds, from birth throughout
life, the agents which put the blood in metion are con-
structed upon the same general plan, and produce results
similar in all. An acquaintance, therefore, with the
structure in one species will enable us to acquire a correct
general notion of what obtains in the whole. The de-
scription we have now to submit will have especial re-
ference to the organs of the circulation of the blood in
man. These instruments are the heart, arteries, capil-
laries, and veins. A general view of these in the first
B
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place, will enable the reader fully to understand the more
detailed account, which it will be necessary subsequently
to present.

The heart is composed of four cavities or pouches, which
alternately receive and propel the blood. The walls form-
ing these pouches are composed of fleshy fibres curiously
interwoven. Two of the cavities are termed auricles,
the other two ventricles. An auricle and a ventricle
being placed towards the right, therefore are named the
right auricle and ventricle ; while the others, being placed
on the opposite side, are called the left. It is ascertained
that the blood from all parts of the body is conveyed to
the heart by the veins, which pour it into the right auricle.
The auricle throws it into the right ventricle, by which it is
propelled to the lungs through an artery. In consequence
of this artery, by its thousands of branches conveying it
to the lungs, it is called pulmonary. Having been ex-
posed to the air in the lungs, and after undergoing im-
portant changes, it is received by another set of vessels, the
pulmonary veins, which pour it into the left auricle by
four trunks ; the auricle then delivers it to the left ven-
tricle, by which it is forced into the aorta, the great
artery of the system, to be distributed to every part of
the body, there to furnish new materials to compensate
for that which becomes worn out—to sustain the vital
action of the different organs of the body—to supply the
various secretions, and maintain the vital heat. Having
performed these and other important purposes, it undergoes
a change the reverse to that which took place in the lungs.
‘While passing through the lungs one of the most evi-
dent changes effected upon it is from the dark purple to
the vermilion red, while here the converse takes place,
from the vermilion red to the dark purple; after which it
is taken up by the veins to be conveyed to the right side
of the heart, from whence we started. This course of the
blood, of which the above is a general outline, is termed
the circulation, in which we see it flowing from all parts of
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the system to the right side of the heart, to be senl to the
lungs, and flowing from the lungs to the left side of the
heart, to be sent to the system, constituting what is
termed the complete circulation. But the lesser and
greater circulations are also often spoken of, the former
being applied to its transmission from the right to the
left side of the heart, through the lungs, the latter to its
course from the left through the

system to the right side again.

The circulation, as described, has a
been compared to the figure of
eight ;—the upper smaller division
representing the lesser, the lower
the greater circulation. The double
lines, a a, to the right, will repre-
sent the extent of the scarlet or
vermilion-coloured, and the dark Fie. 1.

line, & &, the purple-coloured blood. Such is a general
sketch of the circulation of the blood in the most perfect
animals, as first ascertained and demonstrated by our
countryman the immortal Harvey, as he has been justly
termed.

That we may adequately appreciate the importance of
Harvey’s discovery, it is necessary to consider the state of
knowledge previous to his time, and the important re-
sults which subsequently accrued to all departments of
the healing art. In the repugnance which every one feels
to the handling of the dead body, especially that of a
human being, there exists a powerful natural obstruction
to the study of the architecture of our frame, and the
manner in which its many curious functions are per-
formed—a repugnance so strong that with most men it re-
quires no small effort of reason to overcome it, while with
others even the experience of years cannot entirely subdue
it. If to this be added religious prejudices and supersti-
tious fears, not altogether overcome even in these days of
boasted enlightenment, we shall not be surprised that the.
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ancients knew sgo little, but rather that they acquired so
much knowledge of the structure of the body, when we
recollect the opinions, convictions, and practices which
obtained among the nations by whom the sciences were
first cultivated. The embalming of the dead among the
Egyptians, the killing of animals for food and for sacri-
fice, as well as the practice of auguring, in order to fore-
tel future events, by the inspection of the viscera of
animals, and sometimes it is said even of human victims,
have all been brought forward as means whereby a
knowledge of the structure was acquired. The hurried
manner, however, in which such investigations were ne-
cessarily conducted, precluded a sufficiently minute exa-
mination, and the warmth of the climate presented an-
other difficulty. 'When we inquire of those among our-
selves who slaughter animals for our food, we find that
they are in reality as ignorant of the beautiful contri-
vances that are daily before their eyes as the mower is
of the structure of the grass which he cuts down, or the
miner of the wreck of former worlds that may lie scat-
tered at his feet. Need we wonder then that Hippocrates,
the father of medicine, who flourished in Greece about
four hundred years before the Christian era, believed that
the left side of the heart and the arteries contained air?
This opinion arose from the circumstance that they are
found empty after death, for a reason which will after-
wards appear.

The celebrated Galen, who flourished about A. p. 130,
and who seems to have been deeply embued with the pro-
per spirit of philosophical investigation, though not the
first to suggest, was the first fully to establish the fact,
that the left side of the heart and the arteries contain
blood in the living body ; but he believed that the blood
flowed backwards and forwards in the same vessels, like
the tide upward and downward in a river. We need not
here advert to the torpid state of the human mind in what
are termed the dark ages,
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On the revival of learning, in the fifteenth century, we
find the learned chiefly engaged in commenting upon,
and blindly adopting the errors as well as the truths
of the Grecian sages. Bolder spirits soon began to
observe and think for themselves. In 1572, Fabricius,
then professor of anatomy at Padua, at that time the
most celebrated school of medicine in Europe, taught
the structure of the valves in the veins. Harvey, who
resorted to Padua for the study of medicine, was dissatisfied
with the explanation given of the function of these valves
by Fabricius. On his return to England, where he dili-
gently prosecuted his inquiries, being countenanced by
Charles the First, and allowed deer from the royal park
for the purposes of his investigations, he soon satisfied
himself respecting the course of the blood, and in 1628
publicly announced his great discovery. It isto be ob-
served that Harvey detected no new part : all the organs
had been named and described, most of them two thousand
years—and all of them before he was born. The mate-
rials had all been collected, but hitherto no architect had
appeared to arrange them in order. Deductions certainly
had been drawn, and conclusions had been arrived at.
These were handed down from teacher to pupil, without
question or examination, till our illustrious countryman
burst the barriers of prejudice and dogmatism, first drew
the legitimate inferences, and by a strength of argument
and clearness of evidence which have never been surpassed,
established the truth of his doctrine.

It may be scarcely necessary to state that this great dis-
covery, this true explanation of the manner in which the
blood flows through every organ of our body, produced a
great change, nay, a complete revolution in medical opi-
nions and practices. But this did not occur at once: pre-
conceived opinions, envy, and ignorance had to be over-
come. He afterwards, in the language of complaint, states
that his discovery prejudiced him in his private interests,
and in the eyes of his professional brethren, none of whom
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above thirty-six years of age could be induced to believe in
the truth of the doctrine. That we may have some idea of
the debt of gratitude due to Harvey by posterity, it may be
sufficient to refer to the great changes that have taken
place in the performance of surgical operations, in conse-
quence of which much human suffering has been allevi-
ated, and many useful lives prolonged.

In order to avoid the mention of too many objects at
once, we have as yet taken no notice of a set of vessels
termed absorbents, of the existence of which Harvey
was ignorant. Indeed, he himself furnishes us with
a notable example of how slowly we adopt new views
in advanced life, and how unwilling we become of hav-
ing our long-cherished opinions overturned, and new
ones substituted in their place. In the daily waste to
which our bodies are subjected, there arises the necessity
for the introduction of new materials, which are furnished
by the food and drink. These, after undergoing the ne-
cessary processes of preparation by the digestive organs,
are taken up and conveyed into the general mass of cir-
culating fluids. Again, all the organs in our body, even
the hardest bones, are constantly undergoing change ; the
older materials are removed, and fresh ones are deposited
in theirstead ; so that in the course of time, with perhaps
the single exception of the enamel of the teeth, not one
atom or smallest particle of matter which composed our
bodies a few years ago now remains in us. These old
worn-out particles are taken up by appropriate vessels,
carried into the general circulating mass, and subsequently
cast out through the proper channels. Both of these of-
fices, that is, the introduction of new, and the removal of
old materials, were believed to be performed by the veins,
till an Italian anatomist, Acelli, on opening a live dog,
observed numerous small tubes conveying a whitish fluid
of a sweet taste from the intestinal tube. This was the chyle
ornew fluid furnished by the organs of digestion, and which,
from its resemblance to milk, was called the lacteal fluid,
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while the vessels transmitting it were named the lacteals.
This discovery was announced by Acelli in the year 1622.
Yet Harvey could not be induced to believe in their ge-
neral existence in the animal system, but continued to
hold by the old doctrine of venous absorption. Subse-
quently another set of absorbents, which, from the extreme
thinness and transparency of their coats, had escaped
notice, were discovered to arise from almost every part of
the body, and believed to exist universally. As they ge-
nerally convey a colourless fluid or lymph, they are named
the lymphatic absorbents. Both sets of absorbents ter-
minate in the veins before these pour their contents into
the right side of the heart. Their use and mode of
action will be hereafter considered under the head of ab-
sorption. It is necessary at present to advert to them,
in order that the reader may be able to understand allu-
sions which may be made in reference to them.

. In warm-blooded animals, as man, mammalia, and
birds, the heart may be considered as double,—the right
heart receiving the blood from the system at large, and
transmitting it to the lungs, while the left receives it
from the lungs, and transmits it to the system. During
each complete circulation, the whole mass of blood is ex-
posed to the influence of the air in the lungs. In cold-
blooded air-breathing animals, or reptiles, such as tor-
toises, turtles, frogs, lizards, serpents, the heart is single,
that is, has only one auricle and one ventricle,—the auricle
receiving the blood both from the lungs and from the sys-
tem, and delivering it to the ventricle, which propels part
to the lungs and part to the system, so that a portion
only of the blood is exposed to the influence of the air.
A third modification is found in fishes: In them the heart
is single, as in the amphibia, but the auricle receives the
blood from the system only, and delivers it to the ventricle,
which propels it to the gills, ororgansanalogous to thelungs
of air-breathing animals. 'While filtered through the mi-
pute ramifications of the artery by which it is dispersed
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through the gills, it becomes exposed to the water, hold-
ing a portion of air in solution. From the gills it is col-
lected by numerous small vessels. These terminate in a
common trunk, which proceeds to transmit tle blood to
all parts of the system, without the intervention of either
an auricle or a ventricle. The whole mass of blood, there-
fore, in each complete circulation becomes exposed to the
influenee of the aerated water. We thus find that the
single heart of amphibia performs the office of both the
right and left heart of warm-blooded animals by a com-
bined action, while the single heart of fishes performs
that of the right only. The importance of these modifica~
tions will be hereafter better understood, when we come
to discuss the nature of the changes which the blood un-
dergoes in the lungs and in the system respectively, the
sources of animal temperature, and the rank each class
holds in the scale of intelligence.

As has been mentioned, the canals by which the blood
flows, and the direct agents of its circulation, are the
heart, arteries, capillaries, and veins. We shall now
proceed to examine each of these separately, after which
we shall be prepared to consider their combined opera-
tion. The heart is situated nearly in the centre of the
chest ; it is somewhat pear-shaped, with its base or
broader part upwards, inclining backwards, and to the
right,—its apex or point being forwards, and to the left.
In consequence of the apex being more superficial, and
less covered by the lungs, its beating is found under the
fifth left rib, hence the popular opinion that it is placed
in the left side. It is a powerful and very peculiarly
constructed muscle, or rather a combination of muscles,
the fibres of which are intricately interwoven with each
other. Externally, it is covered by a dense membrane,
which firmly adheres to the substance of the heart,
and is reflected, so as to form a capsule or bag. The inter-
nal surface of this capsule constantly exhales a thin watery
vapour, which preserves the surfaces moist and slippery,
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whereby the incessant motions of the heart are facilitated,
and the effects of friction obviated. The internal cavities
of the heart, and indeed the internal surfaces of all the
blood-vessels, are similarly dense and smooth, and in a
like manner bedewed with moisture, so that the blood
glides along, meeting with the least possible resistance.
The right auricle, which receives the blood brought by
the veins from all parts of the system, is placed on the
upper and right side of the heart. On slitting it open
the termination of the two great veins of the body are
readily perceived. They are termed the superior and in-
ferior cavee, or great hollow veins. The former returns
the blood from the head, superior extremities, and chest ;
the latter from the lower parts of the body. A third pours
in the blood which had circulated through the substance
of the heart itself, this being the only one of the three
furnished with a valve for the prevention of the return
of the blood when the anricle exerts its expulsive force.
A fourth wide orifice communicates with the right ven-
tricle, named the right auriculo-ventricular opening.

Let us now consider what occurs in the action of these in
the living state. The three veins just mentioned pour the
blood into the auricle until it has reached that degree of
distension at which contractile or expulsive power is ex-
cited. On this being exerted, at.first sight there is no-
thing to prevent the blood from being thrown back again
into the veins, excepting in that from the heart, which pos-
sesses a valve. The constant current of blood in the
cava, however, will oppose this return ; and what is
more, there is no impediment to its passage into the right
ventricle, but rather it is solicited or drawn into the ven-
tricle by a power which mgst here be explained,—a
power which furnishes us with one of the innumerable
striking examples of the vast superiority of living me-
chanism over any thing that the ingenuity and patient
industry of men can accomplish. The cavities of the
heart are not only endowed with the property of con-

B2
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traction, so as to expel their contents like a forcing
pump, but likewise with the property of dilatation, so as
to a certain extent to draw the blood into them like a
sucking pump. It must be borne in recollection that the
expansion of these cavities is not passive, but active ;
that is, they are not expanded in consequence of the blood
poured into them, but they dilate that they may receive
the blood. Hence it follows that while the right auricle
is contracting so as to force out the blood, the right ven-
tricle is dilating in order to receive it. We may have a
good example of this active power of dilatation in cold-
blooded animals, such as a turtle or shark, where, on the
removal of their heart immediately on capture, it con-
tinues to dilate and contract for many hours after, even
when thus detached, and altogether empty ; and if we
grasp it with our hand, we shall experience convincing
proof that it is by no means passive during dilatation.
Were it not that the different parts of the heart thus
beautifully co-operate to bring about the same end, the
languid current of blood in the veins might not be able
to overcome the passive contracted state of the auricle,
nor the comparatively weak contractile power of the auri-
cle to force it into the more muscular ventricle. But no
such want of adjustment exists in this machinery, for all
its parts harmoniously work together for the intended
purposes.

The right ventricle, which receives the blood de-
livered over to it by the auricle, is placed on the right,
inclining forwards. On opening it a very beautiful val-
vular apparatus will be found, named tricuspid, command-
ing the auriculo-ventricular opening : it is composed of
a fold of the dense lining membrane. Into the margin of
this fold are fixed several threadlike cords or tendons,
which proceed from fleshy bundles connected with the
walls of the ventricle. Behind this valve, leading up-
wards, is placed the orifice of the pulmonary artery,
which distributes the blood to the lungs. Here and there,
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crossing from one part of the ventricle to another, tendin-
ous cords may be observed, which tend to prevent over-
distension, and also small transverse fleshy bundles, which
aid in the contraction of the ventricle. The observer will
remark that the walls of the ventricle are thicker, and al-
together more powerful than those of the auricle; and
the reason of this is obvious, for whereas the auricle has
merely to deliver the blood to the ventricle, the ventricle
has to force it through the numerous divisions and subdivi-
sions of the pulmonary artery. On the contraction of
the ventricle the fleshy parts of the valvular apparatus,
which are connected with, and indeed form a part of its
walls, are simultaneously thrown into action, so that
by means of the little cords the valve is so placed as
completely to shut the auriculo-ventricular opening, and
thus effectually prevent any return of the blood into the
auricle ; at the same time the orifice of the pulmonary
artery offers no obstruction, and into it the blood is pro-
pelled.

Now, arteries are tubes possessed of very consider-
able elasticity, whereby, on a fluid being thus impelled
into them, they admit of expansion. By the same elastic
power, independently of any other contractile power
they may possess, they act upon the column of blood
forced into them ; consequently, on cessation of the con-
traction of the right ventricle, the blood would be thrown
back upon it, were it not that at the orifice of the pul-
monary artery are placed three little valves of excellent
mechanical contrivance. They are of a semilunar shape,
and are so named. They are lodged in slight depressions,
their free edges being along the sides of the artery, and
in the centre of the margin of each there is a small lenti-
cular piece of cartilage, which prevents the too close ap-
plication to the surface of the artery, so as to admit of
the entrance of the blood behind them, when it is requi-
site they should be raised in order to perform their office.
They offer no resistance to the course of the blood from
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the ventricle into the artery, but on the reaction of the
artery on the column of blood, part of the blood gets be-
hind these valves, and raises them, whereby a complete
barrier is formed to the veturn of the blood into the ven-
tricle ; it must therefore keep its onward course through
the lungs. These valves act altogether mechanically, and
congequently act efficiently even in the dead body. Ifa
tube be put into the artery, and an attempt made to inject
the ventricle from it, the valves will be found immediately
to be raised, and thus prevent one drop from entering
the ventricle. There is a marked difference between the
semilunar and tricuspid valves ; the latter, being thrown
into action by its appropriate muscular fibres, does not
act in the dead body, but performs its office only as a
vital agent, and, intimately conneeted as it is with the
walls of the ventricle, it co-operates with it. On the
other hand, the semilunar valves are ealled upon to pre-
vent the action of the artery from being exerted upon
the blood in one direction, which action is principally, if
not entirely, the result of mechanical elasticity.

Soon after the pulmonic artery leaves the heart it divides
into twa, the one proceeding to the right, the other to the
left lung. On entering the substance of the lungs they
begin to send off -branches, until by reiterated subdivisions
they ultimately become.as minute as the hairs of the head,
and are therefore termed capillary. These capillaries either
communicate with the capillaries of-the pulmonary, or con-
tinuously become the venous capillaries. It is while the
blood is filtered through these minute tubes, and exposed to
the air in the lungs, thatit undergoes theimportant changes
to which we have alluded : it is here its purple colour
becomes scarlet, and other changes occur, which can
only be understood when we come to discuss respiration.
In the meantime, it may be mentioned that notwithstand-
ing the great body of blood passing through the lungs in
the pulmonary artery and veins for especial purposes,
that blood dces not appear to be fitted for general
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purposes, such as nutrition and secretion, consequently
other arteries and veins are distributed through the
lungs, to which the name bronchial is applied. After the
blood undergoes the change, the venous capillaries unite
into branches, and these into others, until by successive
unions the blood is collected into four trunks, two from
each lung. These pour it into the left auricle, which
delivers it to the left ventricle, from thence to be pro-
pelled into the aorta, the great arterial trunk of the
system, by the divisions and subdivisions of which the
vital stream penetrates every organ and every tissue of
our bodies, to sustain their life, their energies, and their
vital warmth. It would be an unnecessary repetition
minutely to describe the left side of the heart, since both
are constructed upon the same general plan. The same
relation subsists between the auricle and the veins and
between the auricle and ventricle. A similar valvular
apparatus commands the left auriculo-ventricular opening
a8 on the right side. From a fanciful resemblance to a
bishop’s mitre, it is named the mitral valve. So also are
there three valves to guard the entrance of the aorta, like
to those of the pulmonary artery—these six constituting
all the valves belonging to the arterial system. There is
one circumstance which the observer will not fail to no-
tice, that is, how much stronger the left side of the heart
is than the right, especially the ventricle: its walls are
much thicker, their texture more dense and compact, and
evidently capable of a much greater degree of exertion.
Nor will this excite surprise, when it is recollected that
the right ventricle has merely to propel the blood to the
lungs by tubes similar in their mode of distribution,
penetrating an uniform structure which performs ome
function, and that little liable to disturbance from exter-
nal causes ; while the left ventricle has to force the blood
to the furthest extremities of the body, through every
variety of vascular distribution, into organs of every
variety of texture, where very different functions are car-
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tied on, and to parts where the circulation is exposed to
numerous external disturbing causes. Here, then, as
everywhere else, are the means adapted to the ends.

It has been stated that the ancients believed that the left
side of the heart and the arteries contained air, and that
this opinion arose from the circumstance of their being
found empty after death, while those of the right are
generally gorged with blood. The cavities of the left side
will also be found smaller than those of the right. These
differences appear to be best accounted for by the occur-
rences which take place at the point of death. Death
seldom occurs throughout the whole of our organs si-
multaneously, but one link of the chain which con-
nects us with life is broken after the other; nor are the
approaches of death made always in the same direction,
sometimes one and sometimes another of the functions
on which life more immediately depends ceasing to per-
form its office before the rest, and thus commencing the
first part of the last inevitable scene which closes our con-
nexion with this world. The cessation of the blood’s
motion is generally the last to take place, nor does it
occur at the same instant through the whole series of the
agents by which it is put in motion. Here, too, one part
ceases to act before another. The left side of the heart
and the arteries appear to be endowed with a greater de-
gree of vital energy and tenacity of life, for as they are
among the first, if not the first, to be called into opera-
tion at the commencement of life, so are they among the
last to cease action at its close. They continue to force
onward the blood into the passive veins, where part stag-
nates, and part reaches theright side. At the same time
the powers by which the movements essential to breathing
are produced begin to fail. There is now an obstruction to
the passage of the blood through the lungs; it accumu-
lates therefore in the right side of the heart, which
thus dies in a state of distension, while the left ceases
to act in the state of contraction. In order to reverse
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these conditions in a live dog, the veins entering the
right auricle were tied, so as to prevent the entrance
of blood into the right side; and at the same time the
aorta was tied, so as to prevent its escape from the left.
The animal thus died with the right empty, and in a state
of contraction, while the left was gorged, and in a state
of dilatation. The very reverse was now found in the
relative size of the two sides,—the right was the smallest
and the left the largest. The inference therefore is, that
in a living healthy state both ventricles are of the. same
capacity, and indeed this is nothing more than what
might have been expected ; for had it been otherwise, a
want of proper adjustment between the two would have
been the consequence. The limits of the ventricles are
accurately defined by the valves; but the limits of the
_ auricles are not so well marked : they are however of at
least equal capacity with the ventricles. With regard to
the order in which they respectively contract and dilate,
the two auricles simultaneously perform these functions,
as do also the ventricles, for it will be obvious that the
auricle and ventricle of the same side could not well con-
tract or dilate at the same instant without disturbance,
while both auricles and both ventricles may.

Without at present entering upon other points relative to
the heart, we shall now follow the blood through the larger
circulation, so as to complete its course. The aorta arising
from the base of the left ventricle, ascends, inclining to the
right, till it reaches the upper part of the breast-bone,
where it makes a remarkable turn towards the left, till it
rests upon the third vertebra of the back. This is termed
its arch. It then descends through the chest, enters the
abdomen, continues to rest on the vertebral column, till it
reaches the fourth vertebra of the loins, where it divides
into two, a right and a left branch. The first branches
it gives off are two for the supply of the heart itself.
From the arch are given off those which proceed to supply
the head and upper extremities, while in its descent in the
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chest it gives off its streams to the walls of the chest
and remaining viscera. Within the abdomen, before its
division, it furnishes the branches which supply the
walls and viscera of that cavity ; and lastly, its divisions
are distributed to the contents of the lower abdomen and
inferior extremities. All these branches which this main
trunk gives off, with their numerous subdivisions, in some
instances even to the fifth, sixth, seventh, and eighth divi-
sions, are accurately traced and named, either singly or
in groups, till they amount to several hundreds; and not
only this, but their relative position with respect to other
organs, the varieties in size, or mode of distribution to
which they are subjected, are treasured in the memory of
every properly-educated and accomplished professional
man. But the millions and millions of smaller divisions
which we know must exist, are far beyond the grasp
of our finite minds to comprehend. - We know that
there is not a point of the various surfaces of our bodies
that the point of the smallest needle can penetrate with-
out wounding thousands of these minute tubes, and that
a single grain of sand is considered equal to cover millions
of their ultimate extremities. Need we, then, look to mi-
croscopic objects alone for evidence of the apparent infinite
minuteness of creative power? Is there not indeed in
every fibre, in every tube, and in every globule of which
our bodies are composed, an equal evidence of the same
truth furnished to us ?

Arteries do not always take the most direct course to
their destination, but always the safest, and where they
are least liable to be interfered with in their office. It
would be difficult, if not impossible, to shew any course
that the aorta could have pursued, possessed of so many
advantages as may be shewn to result from the very
course which it takes, and whatever modifications and
deviations it may present in other animals, they will
always be, found to be made for the best possible reasons,
and followed by the best possible results. In crossing
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" joints, the main trunk is found in the flexures, where it is
more safely lodged, and less liable to injury than it could
have been anywhere else. Of such designs the main artery
of the thigh may be taken as an example. Immediately
on escaping from the cavity of the lower abdomen it is
found in the front of the groin ; as it proceeds downwards
(where, if it continued in the same direction it would be
mruch exposed to injury), it sinks deeper, and rums in-
wards, so that before it reaches the knee it is found
behind, securely lodged in the flexure of that joint, pro-
tected by the projections of the bones and the hamstrings.

The arteries are not composed of one substance, but of
three different tissues, in concentrate layers or coats, as
they are termed : the internal is smooth and lubricated
with thin secretion; the external is constituted of the
cellular or interlaced tissue, chiefly for the purpose of
imparting strength, and connecting them with neigh-
bouring parts; the middle layer, which is the thickest,
is cream-coloured, disposed in fibres, and highly elastic.
It is upon this coat that the effect the arteries have upon
the motion of the blood depends. Contrary to what
might have at first been expected, its thickness, elas-
ticity, and contractile power is not in proportion to the
size of the artery, but it is proportionally thinner, lesa
elastic, and contractile in the larger than in the smaller.

From the properties possessed by the middle coat,
the blood-vessels are enabled to accommodate them-
selves to many varying circumstances. If we bleed an
animal to death, as the quantity of blood diminishes,
so do the arteries contract and exert a certain degree of
tension upon the blood they contain, and the slower the
blood is withdrawn, the more completely will they adapt
themselves to the diminished quantity, and more effec-
tually exert their tension upon it. Accordingly, as it is
frequently the object with the medical practitioner to di-
minish this tension in disease, he bleeds his patient from
a large orifice, and sometimes apens twa veins at once,
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that he may gain the relaxation he desires with the
smallest expenditure of blood, knowing that it is not
so much by the quantity of blood shed, as by the-effect
produced on the organs of circulation that advantage ac-
crues, and that the speedier the blood is withdrawn the
more certain will be the effect. When a limb is ampu-
tated, the thigh for example, the surgeon does not find it
necessary to tie many arteries: the principal branches
only require to be secured, the others by their contractile
power or tonicity, as it is called, close their cut extremi-
ties, and arrest the heemorrhage. In the same way, daily
experience teaches us that the bleeding from slight wounds
soon stops ; but were it not that the arteries are endowed
with this property, the merest scratch might prove fatal,
for where the vessel is 80 situated as that it is prevented
fronr exerting this power of contraction, alarming and even
fatal heemorrhage may occur from a very small twig. Thus,
in the extraction of a tooth the bleeding is occasionally
suppressed with great difficulty ; and if the tonicity be im-
paired, ot originally deficient, patients have been known
to bleed to death from very slight wounds, strongly im-
pressing upon us how much we are indebted to this con-
servative power of the blood vessels. After amputation
all the vessels shrink to a size sufficient to exert the ne-
cessary tension upon the diminished quantity of blood
required by the stump.

- Another example of adaptation to circumstances is fur-
nished in the operation for the disease named Aneurism,
in which a tumour is formed in the course of an artery,
and which, if left to itself, might burst and prove fatal.
Here the surgeon cuts down on the main artery, and
applies to it a ligature, so as to cut off the supply to
the tumour. At the place where it is tied, the vessel
is finally obliterated, and the tumour gradually disap-
pears. But how, it may be asked, is the limb below
the part where the main channel was closed now sup-
plied ?. The answer is, there are numerous communica-~
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tions between the smaller branches of arteries, so that a
connexion is established among them, and where the
principal stream is arrested, as in the instance cited, the
collateral branches above the stoppage enlarge, and trans-
mit an increased quantity, most of which passes by the
communicating channels into the branches beneath, which
also enlarge, so as soon to re-establish a sufficient supply to
the limb below, and this is effected in a short time. Im-
mediately after the operation, the limb becomes cold and
benumbed, but in a few days the circulation is again fully
established by the new course just mentioned.

So also do we perceive that the blood-vessels accommo-
date themselves, one would almost think instinctively, to
varying circumstances. Consider how the vessels of an
impregnated womb not only adapt themselves to the in«
creased wants of the enlarged womb itself, but furnish ma-
terials for the developement of the young that it bears.
Observe how in due season the blood is determined to
the breasts in increased quantity, and the vessels take on
a new action, so as to furnish an abundant supply of tich
and nutritious fluid, admirably adapted to the digestive
powers of the new-born offspring. The annual and rapid
developement of the stag’s horns is another striking ex-
ample that the blood-vessels are not passive tubes; and,
in like manner, might be brought forward abundant evi-
dence from comparative anatomy, from various diseased
eonditions, and from the modifications which the circu-
lation undergoes, so0 as to be suited to each part of the
body, according to the tissue of which it is composed, and
the office which it has to perform.

‘When, by the contraction of the left ventricle, the
blood is injected into the aorta, the three semilunar valves
are immediately raised, so as completely to resist its re-
turn. Besides the impetus communicated to it by the
force of the left ventricle, it is exposed to the grasp of
the arterial tension: it therefore rushes forwards along
the arteries. In an instant a new wave succeeds, for
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ventricles propel the blood from sixty to eighty times in
a minute. In a healthy adult wave thus succeeds wave
from the centre to the furthest extremities, and only be-
comes exhausted in the ultimate capillary branches.

It has been stated that the smaller arterial divisions
possess a thicker, more elastic, and contractile middle
coat than the larger trunks; they are also furnished more
abundantly with blood, for it is to be observed that al-
though the blood-vessels are the channels of the blood,
yet they themselves require to have still smaller branches
distributed upon their coats. Although even the larger
trunks are not perhaps altogether passive agents, exert-
ing merely a mechanical effect upon the blood, in virtae
of their elasticity, yet they are not endowed with the
same degree of irritability and vital contractility that the
capillaries possess. The reason of this is partly that
while the trunks are subservient to the general distribu-
tion, the smaller branches, and more particularly the capil-
laries, have to adapt themselves to the peculiar exigencies
and conditions of the paris to which they more immedi-
ately dispense it.

It has been stated that it is only the larger trunks
which require to be secured in a surgical operation ;
that the smaller branches so contract as to prevent
the escape of the blood. This does not arise from the
circumstance of the smaller column of blood which they
transmit, for the tension will be in the same propor-
tion on all the columns, of whatever size, but from the
eircumstance of their having proportionally a greater con-
tractile power. Thus endowed, they readily adapt them-
selves to the conditions of the various parts of the system ;
a muscle in action requires a greater quantity of blood,
and receives it ; a gland is excited, and the materials are
at hand from which its secretion is derived ; an increased
quantity of blood flows to one organ, the capillaries
adapt themselves to the increase, as they do in other parts-
to the diminution necessarily occurring from such deter-
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mination. It is in the capillaries that all the phenomena
of growth and nutrition take place, all the secretions are
elaborated, and all the various tissues formed. - To ven-
ture upon a rude comparison, the heart and larger vessels
are no further concerned in the various actions of the
capillaries than the reservoir and hydraulic apparatus of
a water company in a large city are with the water they
transmit to the manufactories, shops, and domestic abodes
of the consumers.

The arterial capillaries having supplied the various de-
mands made upon the blood, form connexions with the
venous capillaries, and transfer to them their contents.
Here the opposite change to that which is effected in
pulmonic capillaries takes place, and the blood changes
from bright scarlet to dark purple. 'We have seen that
after the blood leaves the left ventricle, it flows in the
arteries from trunks to branches ; but at this point, that
is, at the commencement of the veins, it begins to flow
from branches to trunks, and continues to do so till it
again reaches the heart. The veins have the same num-
ber of coats as the arteries, but their walls are much
thinner, their middle coat in particular ; hence they are
less elastic, possess little contractility, and a subordinate
degree of vitality. They are larger, more numerous,
and collectively of much greater capacity than the ar-
teries. Excepting in the cavities and parts beyond the
control of the will, they are furnished with valves,
which are formed by a doubling of the inner coat, pro-
ducing a little pouch. Sometimes the valves are single,
but generally in pairs, and rarely treble ; they readily per-
mit the blood to flow towards the heart, but effectually
prevent its retrograde course. In their substance and
mode of action, they are similar to those of the pul-
monary artery and aorta, already described. They may
readily be seen in the arm of the living body, provided
it be not loaded with too much fat. When a ribbon is
tied round the arm, as is done in bloodletting, the veins
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swell, and become gorged with blood. On attempting to
force the blood back towards the hand, little knots are
seen to rise here and there, which resist its returning.
These are the valves. But stroke the arm upwards, and the
blood will flow without impediment. It was mentioned
that the semilunar valves of the arteries act in the dead
body : so do the valves of the veins; for, like them, their
action depends entirely on their mechanical contrivance.
For this reason, the anatomist, when he wishes to fill the
veins with an injection, so that he may more readily trace
them, and obtain a preparation worthy of a place in his
museum, has to seek out the distant branches, and direct
his injection towards the heart. If it be an arm or
a leg that he wishes to prepare, he must find some vein
on the hand or foot into which he may introduce his
pipe, so as to throw his injection upwards. This is the
reason why, in anatomical collections, the veins of those
parts of the body furnished with valves are never minutely
injected. The veins of the organs contained in the cavities,
over the actions of which we possess no voluntary power,
do not require valves, and consequently have none, the
circulation in them proceeding in an uniform and re.
gular manner, and subject to no impediment or interrup-
tion. But in those parts which are placed under the
control of our will, and which we employ in so many
different ways, and place in such a variety of conditions
which impede the regular course of the blood through
them, and would soon render them unfit for our use,
they are furnished with these little valves, in number
and proportion suited to the occasion.

The limbs are furnished with two sets of veins, one
set lying immediately under the skin, the other deep
seated, and accompanying the arteries. In the exer-
cise of these organs, and consequently when the mus-
cles are called into action, the circulation is carried on
with greater vivacity. When the limbs are benumbed
with cold, we have recourse to exercise to excite the lan«
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guid circulation ; the veins, however, not possessing the
same irritability and vital contractility as the arteries, are
not so readily roused ; the blood would not therefore be car-
ried off sufficiently rapidly were they not more numerous,
and of greater capacity than the arteries. Further, dur-
ing the exercise of our limbs, the blood does not so readily
flow in the deep seated parts, for the play of the muscles
interferes with the current ; but then there are superficial
channels along which it can pass with less impediment.
Hence the surgeon, in bleeding a patient, directs him to
move his fingers and grasp some object, that the blood
may be driven along the superficial channel from whence
the blood is flowing. It is chiefly the smaller arteries
which establish connexions with each other, but the
veins have free and numerous communications even in
their larger trunks, as may readily be seen on the back
of the hand, or on the fore-arm. Since veins are much
more liable to have their currents interrupted, when one
course is obstructed, another is thus ready to transmit
the blood onwards.

At length the blood, collected from every part of
the body, and conveyed by the veins, is poured into
the right auricle of the heart, from whence we started
with our description; and from the facts which have
come under our consideration, can we arrive at any
other conclusion than Harvey did,—shall we not admit
that such must be the circulation of the blood? The
two auriculo-ventricularvalves, and the perfect and prompt
effect of the valves of the pulmonary artery, aorta,
and veins, even in the dead body, permit us to arrive at
no other conclusion. If such as we have described be the
true course which the blood pursues, then must every
circumstance which tends to interfere with that course
furnish a more or less clear evidence of its truth. Itis
unnecessary, then, to multiply evidence, by referring to
the different effects produced by tying arteries and
veins, the former swelling between the heart and the.
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ligature, and the latter beyond the ligature ; or to wounds
of an artery, or of a vein, where the former is observed
to bleed from the orifice next to the heart, the latter
from that farthest from it. Nor need we advert to what
has been noticed under the microscope on opening live
animals, nor to the results of disease, since no indubi-
table fact has been brought to witness against the Har-
veian doctrine. There is, however, an operation which
is sometimes brought forward as a proof, which may be
here adverted to, on account of the curious circumstances
connected with it, and the wild and absurd expectations
that were entertained when it was first promulgated,
namely, the operation of transfusion, in which the blood is
taken from the vessels of one animal and transferred to
those of another. It was suggested about the middle of the
seventeenth century, whenhopes werenot entirely abolished
respecting the elixir vite, which was to cure all diseases,
and lengthen life to an indefinite extent, and when, too, it
was the prevailing doctrine in the schools of medicine, that
disease chiefly depended on morbid conditions of the
blood and humours. The idea of changing the blood
was therefore greedily seized upon. The diseased blood
was to be withdrawn, and healthy blood substituted
in its place. That of the young and vigorous was to fill
the vessels of the old and decrepit; the peccant hu-
mours were to be withdrawn; such as gave origin to
jaundiced jealousy, ill-natured spleen, and moping melan-
choly, were to be replaced by blood which might furnish
more laudable secretions. So far did they carry their ex-
travagances, that they transfused into human veins the
blood of calves and sheep. As might have been expected,
their hopes and expectations were disappointed, and not a
few fatal results were the consequence. But, after all,
were they a whit more extravagant, credulous, or stupid
than those of our own day, who entrust their health and
their lives to the St. John Longs, the homceopathists,
and the advertising quacks who flourish among us. Al-
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though an operation which, from the way in which it was
abused on its introduction at first, can only fill our minds
with horror, contempt, and disgust, yet in later times,
in the hands of the scientific, it has furnished curious
illustrations of some of the vital functions, and has even
preserved life when aid could be obtained from no other
source. It has been ascertained that blood may be con-
veyed from one animal into the vessels of thosé of another
of the same species, as from one dog into another dog,
without proving fatal to that into which it is transfused,
and thus place it in a condition of complete plethora
throughout the whole vascular system, therefore furnish-
ing an evidence for the truth of the circulation ; but if
the blood of an animal of a different species be intro-
duced, it acts as a poison, shewing that the blood varies
according to the animal. As a remedial measure, it has
preserved life when endangered from hemorrhage; and
lately, when the devastating cholera was with us, warm
water, with the salts found in the blood dissolved in it,
was injected into the blood-vessels to the extent of pints
in quantity, in order to compensate for the inordinate
evacuation of the thinner part of the blood, and frequently
with surprising temporary beneficial results; but expe-
rience soon shewed that little permanent benefit was to
be expected.

The heart is one of those muscles over which we pos-
sess no immediate control. It is only part of our frame
which is entrusted to our voluntary use. Whatever or-
gans contribute more immediately to life, and the suspen-
sion of whose functions, even for an instant, would put
a stop to the working of the machinery of our bodies,
and ultimately destroy animation altogether, have been
gifted by the benevolent Creator, with the power of
continuing their action during the whole course of our
corporeal existence. The nerves which are distributed
to the organs which circulate the blood belong to a
peculiar class, to which our attention will be directed in

. c
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the proper place. Were we to estimate the value and
importance of objects by their bulk, we should be inclined
to suppose that the nerves of the heart are very insignifi-
cant. They are exceedingly minute, and can only be
traced by the patient perseverance of those who are dex-
terous in such pursuits. Yet it is through these delicate
bair-like threads that this organ is brought into associa-
tion with many others with which it is known so directly
to sympathize.

‘Whatever may be our partwular views, it is admitted
that the brain is the more immediate link between our
corporeal frame and our intellectnal conceptions, emo-
tions, and passions; and how directly the heart sympa-
thizes with the brain under these conditions is known
to every ome. It is chiefly when under the influence of
the pagsions and emotions of the mind that we feel we
have a heart. Under the influence of the more stormy
passions, it is roused to violent exertion, so as to propel
the blood into the sanguiferous tubes with redoubled
force, while under those of a depressing kind its contrac-
tions become vacillating, feeble, and trembling. In the
former instance, the blood rushes to the brain ; and add-
ing fuel to the flame, it infuses energy into the muscles ;
deeds of daring are done, and feats of strength accom-
plished, which, in cooler moments, could neither have
been contemplated nor accomplished. In the latter case,
from the irregular supply of blood, the mind becomes
wavering and irresolute, and the muscles weak and de-
bilitated, making a coward of one capable of the boldest
determination, and a trembling poltroon of anotherwith the
limbs and sinews of a Hercules. From this we may learn
how important, even for the sake of our bodies, it is that
our passions should be kept in proper subjection, and
how a well-regulated mind conduces to health and long
life.

_ With the lungs, the organs of digestion, and indeed
all the important organs of the system, the heart is
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intimately associated by sympathy. Then, in disease
how many sympathies are developed, which in health
are overlooked. It is well known that a change upon
the organs of circulation is one of the most frequent
concomitants of disease; so much so, that the medical
practitioner, perhaps more intent upon matters of impor-
tance than routine, would be considered as careless and
inattentive were he to neglect to feel the pulse, no matter
what disease the patient was labouring under.

Though the heart is thus easily roused by the various
sympathetic cords with which it is connected, yet, in the
healthy state, it is possessed of little or no feeling, inso-
much that it may be touched without any sensation
being communicated to the individual to whom it be-
longs. A patient of the great Harvey had the heart ex-
posed by a wound in the chest, so that it could be touch-
ed, and yet the patient was unaware of its being so, un-
less he kept his eye upon him who tried the experiment.
The fact coming to the knowledge of Charles I, he ac-
companied Harvey, that he might have personal evidence
of the fact.

The blood propelled from the left side of the heart does
not return to the right in equal periods of time, for the
extent of the circuits which it makes are as various as
are the distances to which it is sent. The first arteries
given off from the aorta, it has been mentioned, distribute
their blood to the substance of the heart itself, which is
soon returned to the right auricle by the vein, while the
vessels which transmit and return the blood to the ex-
tremities of the body have an extended course before
they complete the circuit. The nearer, therefore, any
organ is to the heart, and the more immediately it re-
ceives its blood from it, the more is it under its control
and influence, and the greater energy does it possess. In
old age, or at the point of death, when the powers of the
system are impaired and almost exhausted, the extremities
of the body are the first to suffer, and thus become cold
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and benumbed. In theliving body the circulation already
begun has only to be continued. The blood-vessels are
already full, all the communications are open, the blood
is flowing in its customary channels. In these circum-
stances, the heart meets with comparatively little resist-
ance, and hence the impulse which it gives to the blood
is instantly felt through all the larger arterial ramifica-
tions, and even extends to their ultimate subdivisions,
though the force of the impulse in the smaller branches
is 8o much diffused, and the effects so minute, as to elude
the touch or the eye; but in cases of morbid sensibility,
as in toothache or a whitlow, by an internal feeling we
are made as conscious of it as by feeling the pulse at the
wrist.

The quantity of blood propelled into the aorta at each
contraction of the left ventricle is estimated to be about
two ounces, and as the auricles are filled when the
ventricles are emptied, and conversely, four ounces will be
the quantity in the heart at any given time,—a very small
portion of the whole blood in the system. The diameter
of the aorta is much smaller than the arterial branches
collectively, and the whole arterial system is of much
narrower capacity than that of the venous. The blood,
therefore, from the time it leaves the left ventricle of the
heart till it reaches the veins, is flowing from narrower
into wider channels, and consequently its velocity and
force will be diminished. As the veins begin to col-
lect themselves into trunks of smaller diameter than
the branches collectively, so will the current be again
increased as it approaches the heart, though not to any
considerable extent, from the free entrance it meets with
into the right auricle. The heart, in proportion to the
-rest of the sanguiferous system and the body in general,
varies in different animals. It is larger and more power-
ful in courageous animals than in the timid, in those that
are prompt and agile in their movements than in those
that are slow and torpid. It varies also in the propor-
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tion of its size and strength in different individuals of the
same species; but in man, so many moral principles,
from prejudice, education, and other causes, modify its
action, that it would be as safe a rule to draw conclu-
sions from the size and vigour of the limbs as to the
courage or cowardice of an individual, as it would be
from the relative size of the heart. .

In youth the heart and arteries possess and exert a
preponderating influence over the venous system. The
earlier in life, the greater is this preponderance, so that
the growth of the body at first is rapid, and gradually
becomes slower, until it has reached its full develope-
ment. During maturity a balance is established between
the two systems; whereas there is a preponderance of
the one or the other at the beginning or at the close. .
In old age the power of the heart is much dimi-
nished, the arteries become more rigid, many of the
smaller tubes are obliterated, and the blood is no longer
propelled with that vigorous impulse which duly sus-
tained its course through the capillaries. The body be-
gins to waste, the skin becomes dry and relaxed, the
hair is whitened or falls off, the eyes become hollow
and dim, the limbs tremble, and the secretions are di-
minished. At the same time, blood accumulates in the
venous system, and slowly and languidly returns to the
heart ; so that through the very means by which the
body was built up in youth, and sustained with vigour in
middle life, does it become decrepit and exhausted in old
age, declaring to us, in language that cannot be mistaken,
that here we have no abiding place, that sooner or later
this body must crumble into dust, and be resolved into
the elements from which it is formed.

The quantity of blood transmitted to an organ varies
according to the tissue of which it is composed, and the
function which it has to perform. The glands which have
to furnish the secretions and muscles by which the vari-
ous motions are effected, require an abundant supply,
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whilebones, cartilages, tendons, and ligaments receive only
a small quantity, and that by vessels so minute that they
exclude the red colouring-matter of the blood.

Besides the modifications to which the circulation of
blood through an organ is subjected by the nmumber
and size of the vessels distributed through it, there ‘are
other circumstances deserving attention, which, by their
mechanieal contrivance, are caloulated to influence the
force and velocity of the blood in a part. There are,
we conceive, five modifications of arterial distribution
worthy of particular notice : namely, the angle at which a
branch arises from the trunk ; the length and subdivision
of the artery; its direction; its union; and lastly, the
formation of a net-work. We shall make a few observa-~
tions with respect to each of these.

e d

F16. 2.

let, As to the angle. It will readily be secn, on exa-
mining our cut, that the branches b 3, arising from the
trunk a &, pass off at am acute angle, ¢ ¢ at a wight angle,
and dd at an obtuse angle. The blood, to pass into 43
must make a very considerable turn, and thus have its mo-
mentum diminished ; in ce the turn is less, and still less
in dd; so that if these vesscls are of the same size, and
distributed upon parts of the same structure and fanction,
those supplied from 4 b will receive it with a smaller force
and velocity than those supplied by dd. The conditions
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under which they act are therefore not equal. There is a
beautiful example of this kind of distribution in the veseels
given off from the aorta to supply the walls of the chest.
At the commencement of the aorta the blood rushes along
with the full impulse communicated by the heart; but
that impulse is gradually diminished. Now, if we ex-
amine the arteries named intercostal, which supply the
spaces between the ribs, particularly in an animal with
a long back, such as the tiger, we shall find that the first
arise by an acute, the middle by a right, and the lower
ones by an obtuse angle, so that the angle may compen-
sate for the difference of velocity and force, according to
the part from which it takes its origin. By this beaun-
tiful contrivance the blood is distributed uniformly to ali
those parts which have the same office to execute.

2dly, As to its
Jength and subdi-
vision of the ar-
tery. Suppose, as
represented in the
cut, a, b, and ¢ are
three. vessels of e«
qual capacity, and
the blood propel-
led into them with
equal force. @ runs - Fia.3
a short course, and divides into branches, which soon reach
their destination ; b is of great length before it divides, but
its branches soon reach their destination ; while ¢ soon
divides into branches, which, however, have to run far
before they reach their destination. As the momentum of
the blood is diminished by the friction on the sides of the
vessels, it will be evident that in a it will be exposed
to less diminution than in 4, and in 5 than in ¢, so that
the circulation will be much more retarded in ¢ than in
a, for two reasons, the length of course, and the sub-
divisions. Animals capable of rapid motions have a rapid

<aan\
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eirculation, and the arteries are so distributed as to insure
it, as in ¢ ; while animals slow in their movements have
the arteries which are distributed upon the muscles of
this slow contraction, with a distribution after the man-
ner of ¢. ' In the sloth, the main artery does not run
down the extremities in one trunk, as it generally does,
but is subdivided into numerous long branches. In the
hedgehog the vessels which supply the muscles command-
ing the movements of its spine-armed skin are exceedingly
long. They are also very long in the intestines of the
pig. Now, in all these instances, the slow motions are
confined to the parts which have this peculiarity of dis-
tribution. Though the sloth moves its limbs slowly,
and with apparent pain and difficulty, the motions of its
neck and jaws are rapid and prompt. There is another
circumstance deserving notice, where muscular movements
are very rapid, they quickly alternate with relaxation,
and cannot continue in the state of contraction for any
length of time ; while in the instances referred to, they
are capable of remaining in that state for a very con-
siderable period, so that nothing could have been so well
adapted to the conditions of the animals referred to.

3dly, Direction. It
is evident if @ and b are .(#
of equal diameter and :
length, and if a fluid 2
werepropelled intoboth
with the same force, in
consequence of the ser-
pentine course of 3, it Fia. 4
will meet with a much greater degree of resistance, and
have its force diminished accordingly. Now, arteries
are frequently thus serpentine, and even an artery nearly
straight will become serpentine, if forcibly injected, pre-
senting a beautiful provision in order to diminish force
under particular and accidental circumstances. This ser-
pentine course obtains in the arteries which enter the skull
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for the supply of the brain. In the horse it is more con-
torted than in the human subject, and he requires it to be
s0, particularly when feeding in the fields with his head
in the dependent posture. Many other examples might
be cited, but the effect and the advantages of such a dis-
tribution must be sufficiently obvious.

4th, Union. The cut represents two bran-
ches, @ 4, uniting to form a third, somewhat
larger than either, Of this we have an ex-
ample in two of the vessels which enter to
supply the brain. If the trunk be of greater
capacity than the separate branches, then the
velocity will be diminished; but if the con-
verse, it will be accelerated. Another effect
will be produced,—the pulsative motion in  g,q.5.
the direction of the dotted arrows @ a, when the streams
meet, will be reduced to continuous motion in the direc-
tion of the arrow 6. By a similar contrivance, the in-
terrupted impulse with which the water is forced in the
working of the fire-engine, issues as a continued stream
from the pipe with which the water is played.

Lastly, Net-work. There are several examples of this
kind of modification. in different animals, where an artery
isbroken up into a great many branches which form numer-
ouscommunicationswith
eachother, soasto consti-
tute an exceedingly in-
volved and intricate net-
work. There are two
modifications ; 1st,where,
as in Fig. 6, the artery,
a, i3 broken up to form
the net-work 4, thebran-
ches of which are reunit-
ed into one trunk, c.
2dly, as in Fig. 7, where the vessels of the net-work,
b, instead of uniting to re-form ome trunk, form se-

c2

Fia. €. Fia.7.
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veral, ¢cce. Now, it will be evident that when the main
stream is thus broken up, the force must be very much dif-
fused and diminished, and the pulsative jet must also beeven
more effectually destroyed than in the fourth modification
of union. There is a net-work in the principal artery
which supplies the brain, as in Fig. 6, in raminating ani-
mals, which, ir browsing, are able to keep their heads fora
long time in the dependent posture without sangunineous
congestion, or any risk of apoplexy. Here we have even
a more perfect preventive of the evils which might
otherwise have arisen from the head being long kept in
the dependent position than in the horse already alluded
to in the third modification. The formation of the plexus,
according to Fig. 7, is found in the arteries of the intes-
tines of the pig, and the inferences which may be drawn
from it will be considered when we treat of the peculiari-
ties of circulation in the abdomen. Such are among the
more striking mechanical modifications to which the cir-
culation is subjected,—modifications which we conceive
have not as yet received that attention to which they are
entitled.

Besides the general laws wlnch affect the distribution
of the blood through the body, every different organ may
be said to have a peculiar circulation of its own, either in
respect to quantity, velocity, or other circumstances which
adjust it to its own particular conditions. It would be
out of place here to enter at any length into these con-
siderations ; but there are three situations in which the
peculiarities are so striking and important, that they must
not be overlooked. These are in the head, chest, and
abdomen. In bringing these under discussion, we shall
first treat of those of the chest.

Although the. alternate contraction and expanmon of
ihe chest during breathing be chiefly intended for the
functions exercised by the lungs, yet these two condi-
tions affect, to no trifling extent, both the lesser and the
Jarger circulation. 'With respect to the effects produced
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upon the circulation through the lungs by the increased
quantity of air in the tubes and cells, the whole volume
of the lungs is increased ; the circulation through them is
promoted ; the right ventricle has less resistance to over-
come in propelling the blood into the pulmonary artery ;
it flows with greater freedom through the arterial and ven-
ous capillaries, and returnsmore readily tothe left ventricle.
Thus, at the time when the greatest quantity of air is in
the lungs, at that very time the greatest quantity of
blood passes through them. In the opposite condition,
when the lungs and other viscera sustain a certain degree
of compression from the diminution of the capacity of the
chest, the passage of the blood through the lungs is im.
peded. There is also not the same free entrance for it
into the chest by the great veins, and a retardation of it
in the whole venous system is the consequence. During
ordinary respiration these effects are but momentary, and
80 slight as to escape notice, yet they may be beneficial
by the alternate acceleration and retardation of the tide
of blood through the body, inducing a certain degree of
action and repose in the whole sanguiferous system.

In extraordinary cases, however, where respiration is _
impeded, interrupted, or imperfect, the effects become pro-y
minent, and the consequences important. Let any one
take in a full breath and hold it, he will in a short time
experience an uneasy sensation in the chest, the face will
become suffused, and a painful feeling of distension will
be experienced in the head, so as to compel him to put a
stop to the experiment. Again, let him expel as much
air as he can from the chest, and then hold the breath,
he will find that in one half the time the uneasy sensa-
tion will be experienced, more particularly in the suffusion
of the face, and the feeling of distension in the head.
Thus it will be perceived that there is a freer passage of
blood into the chest, and also through the lungs, im the
former than in the latter condition ; for these effects arise
from the impediment to the blood in its return from the
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head and face, and to its transmiseion through the lungs.
In straining, where the breath is retained after a full in-
spiration, and the muscles powerfully thrown into ac-
tion, the organs in the chest are forcibly compreseed, and
the blood is impelled with increased force from that ca-
vity. The same happens when we make any violent
effort, as lifting a heavy load, where we take a full
breath, and retain it, 0o a8 to increase the power of the
muscles, In these cases wounds sometimes break out
afresh, and vessels are occasionally ruptured. This may
happen in the vessels of the brain, and the person fall
down in a fatal apoplexy. In loud and forcible speak-
ing, or in singing, as on the stage, there is for similar
reasons an impediment to the return of the blood into
the chest; the face becomes suffused, and the veins in
the neck and throat swell. In asthma, hooping-cough,
croup, &c. the influence of the respiratory movements
on the circulation of the blood is strongly displayed;
and at the point of death, when the breathing becomes
weak and interrupted, the veins of the meck will be
observed to swell and subside in accordance with the
movements of the chest—to subside during inspiration,
and swell during expiration. In all these instances the
influence is extended to the circulation through the skull,
and will be better understood when we have explained the
peculiarities of the distribution of blood through that
cavity. '

In the care bestowed for the protection of the brain
from external injury, by the curiously constructed case
in which it is contained, we have an evidence of its
importance in the animal economy. Soft and delicate
in its texture—easily deranged in function—requiring a
large supply, but impatient of superfluous accumulation
of blood, there are many curious contrivances to insure
the necessary quantity without endangering its structure
or disturbing its function. There are four arteries which
transmit blood to the brain: the two larger internal caro-
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tids, and the two smaller vertebrals. It is returned by
two veins : the internal jugulaxs. It has been stated that
the arteries, on entering the skull, make a tortuous and
indirect entrance, so as to diminish the impetus of the
blood ; and that this is more particularly the case in some
of the lower animals, as the horse. In man, from the
usual position of the body when awake and in a state of
activity, the blood has to be propelled upwards, contrary
to the influence of gravity, and therefore the serpentine
direction to an equal extent is not required in him. The
effect of position upon the circulation through the head
must be well known to every one who has laboured under
headache, who will recollect how much the pain is aggra-
vated by stooping. 'This may, however, partly arise from
obstruction to the return by the veins, as well as from the
increased flow by the arteries.

In entering the skull, the carotids pass close to the
internal ear, so that on increased sensibility of that-or-
gan, or inordinate excitement of the arterial pulsation,
their throbbing can be distinctly heard. So soon as the
four arteries have entered, the two vertebrals are formed
into one, as has been mentioned; besides, there is a
free communication established with each other by all
the four. They then begin to divide into branches,
which do not however enter immediately into the deli-
cate nervous substance of the brain, but are first minutely
subdivided upon a membrane which closely embraces its
surface, and enters between its folds. So minutely are
these vessels ramified before they penetrate into the ner-
vous matter, that few are capable of transmitting the red
globules of the blood ; though the larger branches freely
communicate before they subdivide, yet they appear to
form few connections in their smaller branches. If any of
the four trunks be obstructed, or if one of them be tied, as
is sometimes the case, by the surgeon, in consequence of the
connection among them, the blood is not cut off from the
branches of that which is obstructed. There is another
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circumstance which characterizes the arteries of the brain :
their coats are much thinner and more delicate than in
any other organ, for the strength and thickness of the
coats of arteries vary very much in different parts; -
those of the lower extremity, for example, are much
thicker and tougher than in most other parts; but here
they are more tender than any where else. Hence
they are more apt to give way, producing a fatal effu-
sion of blood.

The brain in the living body, and after death, so
long as it retains its vital warmth, is much softer than
when it becomes cold. It undergoes a kind of coagu-
lation after death, whereby it becomes firmer, until
decomposition commences. In the living state it may
be said to be semifluid, and hence probably the neces-
sity for the delicacy of the coats of its blood vessels. The
veins returning the blood are at first distributed also
upon the membrane. They never accumulate into large
branches, but instead of doing so, they pour their con-
tents into receptacles for the purpose, termed sinuses,
to which we shall immediately refer. In most parts of
the body the larger veins accompany the larger arteries,
but here that is not the case ; for whereas the arteries
divide from the base towards the vertex, the veins collect
their branches from the base, and form larger at the ver-
tex, where they enter the sinuses. Another circumstance
influencing the circulation in the brain is the effect of
the strong unyielding vault of the skull in which it is
contained, whereby the absolute quantity of blood is at
all times the same, the atmospheric pressure supporting it,
even independently of the vascular action on the ome
hand, and the vault of the skull preventing the vicissi-
tudes of atmospheric pressure on the other. It has been
ascertained that if an animal be bled to death, there will
yet remain as much blood in the skull as if it had been
killed without shedding a drop of blood. But if a por-
tion of the skull be sawn out, and an opening made
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through the dense membrane which linee it, and the ani.
mal then bled to death, the vessels of the brain will in this
case be found as much blanched as those of any other past
of the body, in consequence of the atmospheric pressare
having now had an opportunity of exerting its influence
upon them. .

Although, then, we may diminish the force and the
velocity with which the blood circulates through the
brain, we cannot diminish 